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LVIII. A treatife on the precejfion of the equi¬ 
noxes, and in general on the motion of the 
nodes , and the alteration of the inclina¬ 
tion of the orbit of a planet to the ecliptic. 
Infcrtbed to the gentlemen of the Royal 
Society, by M. De St. Jaques Silvabelle. 

Tranjlated jrom the French M. S. by J. Bevis, M. D. 


Introduction. 


Read 


12, 


March 

I 75 2, 


I F the earth were perfectly fpherical, the 
adtion of the fun on all the parts which 
compofe it, would not produce any effedt to make it 
turn round its centre; becaufe the moment, which 
would be produced on one fide, would be always 
counterbalanced by an equal moment on the oppofite 
fide of the centre. 

It would be the fame, if the earth were a fpheroid 
flatted at the poles, and the fun was always in the 
equator, or in the ninetieth degree of declination: 
But in every other degree of declination its adtion on 
the excefs of matter about the equator has a tendency 
to make the equator approach towards the fun’s place, 
or to diminifli the angle of the fun’s declination, by 
making the earth’s axis to turn round its centre in the 
plane of the circle of the fun’s declination. 

The earth has then, at every inftant, two motions 
of rotation; one about the axe of the equator, called 
nlfo the earth’s axe j and this is the diurnal motion, 
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which is uniform j the other motion of rotation is 
performed about the axe of the circle of the fun’s 
declination, which is a diameter of the equator; and 
this motion is produced by the adtion of the fun on 
the redundant matter about the equator, and is conti¬ 
nually accelerated, from the continual application of 
the folar adtion producing it. 

The point E, jig. i. n° l. which is the interfedtion 
of the circumference of the equator and the circum¬ 
ference of the circle of declination, has two motions, 
whofe diredtions are perpendicular to each other. 
Let E e be the fpace, which it runs through in an in¬ 
ftant d t, in the circumference of the equator, by the 
uniform diurnal motion, and let E e be the fpace it 
runs through in the fame inftant, in the circumference 
of the circle of declination, by an accelerated motion, 
as has been explained. 

The point E, in vertue of thefe two motions E e 
and E g, will not circulate either in the circumference 
E e Sje' $jE of the equator, or in the circumference 
EgEE'P'E of the circle of declination, but forming 
the rectangular parallelogram E e e' g, the diagonal E e 
will be the elementary arc of thecircumferenceE eqE\ 
in which the point £ will circulate, and the angle 
/ E e will be equal to the angle HjC q, and equal to the 
angle P‘ Cp' which the pole P' runs through in an in¬ 
fant in the circumference P’p'^q PUj^P' whofe plane 
is perpendicular to the plane of the circle of decli¬ 
nation and when the lines Ee, Eg are known at 
every inftant, P'p' will alfo be known, fince the 
angle eEe* = to the angle ^jC y = to the angle 
P'Cp’. 


The 
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The inftantaneous motion of the pole, which is P'p'^ 
®r Pp t Jig. 2. /2° i. & t? 2*. may be refolved into 
two, P R and P M } perpendicular to each other, and 
both to the earth’s axe. The former caufes the pole 
P to move parallel to the ecliptic TSaw, and alters 
the place of the folftice s, and confequently alfo that 
of the equinodlial points T and at the latter, which 
is according to PM, alters the inclination of the 
earth’s axe to the ecliptic. 

To have the motion of the pole parallel to the 
ecliptic, or, which is the fame, the motion of the 
node Y, or the preceffion, in the fame time that the 
fun pafles from the equinox Y to the folftice $, take 
the integral of the lines P R, fuppofing P R gene¬ 
rally to exprefs the inftantaneous preceffion for any 
declination of the fun S. 

And to have the alteration of the inclination in the 
fame time that the fun is paffing from y* to take 
the fum, or the integral of the lines PM, fuppofing 
P M generally to exprefs the inftantaneous alteration 
of the inclination of the earth’s axe to the ecliptic for 
any given declination of the fun. 

The fum of the lines P R is always the fame, and 
has the fame fign, or the fame direction, during every 
quarter of the fun’s revolution, whether he moves 
from y to $, or from $ to or from at to vy, or 
from tf to T; fo that the preceffion anfwering to any 
one quarter of the fun’s revolution about the earth, 
or to three months, being known, that multiplied by 
4 will be the annual preceffion j by 8 will give it for 
two years; by 16 for 4 years, &c. 

C c c 2 Likewife 


* Fig. 2. is explained at the beginning of Preb. 5. 
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Likewife the fum of the lines P M is ever the fame 
for every quarter of the folar revolution j but it has 
alternatively a contrary fign; that is, a contrary di¬ 
rection. During the quarter from t to $, the altera¬ 
tion of the inclination of the earth's axe to the ecliptic 
is pofitive, and the angle of the inclination increafes; 
but during the fucceeding quarter, or from $ to 
the alteration of the inclination is negative, and the 
angle of the inclination diminifhes : And as the di¬ 
minution from $ to tea is equal to the augmentation 
from r to it follows, that at the end of the femi- 
revolution the inclination of the earth’s axe to the 
plane of the ecliptic will become again the fame, 
having undergone an ofcillation, which is completed 
in a femirevolution. It is the fame, when the fun 
paffes from £s to T . The angle of the inclination in¬ 
creafes from ft to yp, anddecreafes from yc to V, where 
it becomes again the fame it was at —. 

And hence the inclination of the earth’s axe to the 
ecliptic may be confidered as conftant, tho’ fubjeCt 
to this ofcillation, and indeed to feveral others, which 
will be prefently explained, they being all regular, 
and performed in regular periods. 

The earth’s inclination to the ecliptic being con¬ 
ftant, and the motion of the pole which produces 
the preceffion, being always parallel to the plane of 
the ecliptic, the earth’s pole moves in a parallel to 
the ecliptic, about 23 degrees and a half diftant from 
the pole of the ecliptic, and the terreftrial axe de- 
fcribes a conic furface. 

To this motion of the terreftrial axe or pole is to 
be afcribed the apparent motion of the ftars about the 
pole of the ecliptic. 


But 
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But hitherto we have not confidered, that to the 
preceffion, thus caufed by the fun, we are to add that 
likewife produced by the moon; and it remains, 
that we examine into the motion of the earth’s pole, 
caufed by the adtion of the moon on the redundant 
matter about the earth’s equator. 

All, that has been faid concerning the fun, is alike 
applicable to the moon, which we may put in the 
place of the fun; the moon’s orbit in the place of the 
ecliptic} and the time of the moon’s revolution round 
the earth in the place of the revolution of the fun 
round the earth: And we fliall find the motion of 
the earth’s pole parallel to the lunar orbit, which is 
always the fame at every quarter of the time of the 
revolution of the moon round the earth, and the ofcil- 
lation of the earth’s axe to the plane of the lunar or¬ 
bit, which is completed /in each femirevolution of 
the moon round the earth. 

But whereas the plane of the lunar orbit, which 
is always inclined to the plane of the ecliptic in an 
angle of about 5 degrees, never continues in a con- 
ftant pofition, .like the plane of the ecliptic, fo that 
its pole defcribes a fmall circle parallel to the ecliptic, 
at the diftance of about y degrees from the pole 
thereof; it follows, that the preceffion, with refpedt 
to the lunar orbit, is not the fame as with refpedt to 
the ecliptic j and that the motion of the pole parallel 
to the lunar orbit ffiould be referred to the plane of 
the ecliptic: Which is done by refolving the motion 
of the pole, parallel to the plane of the lunar orbit, 
into two motions, the one parallel to the plane of the 
ecliptic, and the other perpendicular thereto, and in 
the plane of the folfticial colure. 


The 
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The former of thefe two motions gives the pre- 
ceffion with refpedl to the ecliptic, and has its di¬ 
rection always the fame way. 

The latter motion has two oppofite directions, in 
the two femirevolutions of the pole of the lunar orbit 
round the pole of the ecliptic, and caufes an ofcilla- 
tion of the terreftrial axe on the plane of the ecliptic, 
which is compleated in a revolution of the pole of 
the lunar orbit round the pole of the ecliptic. 

From all that has been faid, it follows, that there 
are five diftinCt motions of the pole of the earth * 
namely, two of preceffion, which are parallel to the 
plane of the ecliptic, and three of ofciliation on the 
plane of the ecliptic. 

The two of preceffion are caufed, the one by the 
fun, the other by the moon. That, which is caufed 
by the fun, is conftantly the fame at every quarter of 
the time of the revolution of the fun round the earth, 
that is, every three months: That which i6 caufed by 
the moon, is conftantly the fame at every quarter of 
the time of the revolution of the moon round the 
earth j that is, about every feven days. 

Of the three motions of ofciliation, one Is caufed 
by the fun, and is completed in the time of the femi- 
revolution of the fun round the earth, taken from one 
equinox to the following one j that is, in fix months. 

The other is caufed by the moon j and each ofcil- 
lation is completed in the fpace of a femirevolution 
of the moon round the earth; that is, in about 14 days. 

The third is caufed likewife by the moon, and 
strifes from the plane of her orbit being different from 
the plane of the ecliptic, and from the pole of the 
lunar orbit making its revolution about the pole of the 

ecliptic 
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ecliptic in about 18 years and two thirds. And this 
ofcillation is compleated in the time of the revolution 
of the pole of the lunar orbit about the pole of the 
ecliptic; that is, in about 18 years and two thirds. 

It will appear in the memoir, that there is a relation 
purely geometrical between the quantity of the nu¬ 
tation, during the time of the femirevolution of the 
pole of the lunar orbit, and the quantity of the pre- 
cedion, caufed likewife by the moon in the fame 
time. This relation is quite independent of the force 
of the moon, of the quantity of the earth’s flatnefs, 
of the quantity of the terreftrial matter, and, in a 
word, of every thing of a phyfical nature that can 
enter into the problem. 

We are content to examine the motions of the pole 
of the earth produced by the fun and the moon. 
The fame method, and the fame formula , will give 
likewife the motions of the terreftrial pole arifing 
from any other planet, as Saturn, Jupiter, &c. but 
thefe motions are too minute to merit attention. 

Whatever has been faid of the adtion of the fun 
on the redundant matter about the earth’s equator, is 
alfo applicable to his adtion on a fimple ring placed 
at the equator, without adhering to the terreftrial 
globe j -and the motion of the pole of fuch ring may 
be determined by the fame method, and confequently 
the motion of its nodes on the plane of the ecliptic, 
and the alteration of the inclination of its axe to the 
fame plane. And fince thefe motions are the fame, 
whether the ring be fuppofed entire, or a fmall por¬ 
tion of it only be confidered, or a mere point thereof, 
the motions of the nodes, and the alteration of the 
inclination of a moon, or a fatellite of a planet, may 

thereby 
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thereby be known. And the formula differ in no¬ 
thing from thofe of the motion of the nodes of the 
earth’s equator, and of the alteration of the obliquity 
of the earth’s axe to the plane of the ecliptic, but in 
this; that the action of the fun on the ring to make 
it turn, is exerted entirely thereon; whereas in the 
problem of the preceffion this force muff neceffarily 
be diftributed throughout the whole mafs of the earth, 
on account of the adherence of the ring to the globe 
of the earth. 

DIVISION of the WORK. 

This memoir is divided into four fedtions. 

The i ft fedtion treats of the motion of the pole of 
the terreftrial equator caufed by the fun. 

The 2d fedtion treats of the motion of the pole of 
the terreftrial equator caufed by the moon. 

The 3d fedtion treats of the motion of the pole of 
a ring, or of the orbit of a moon, caufed by the fun. 

The 4th fedtion contains the application of the for¬ 
mula found in the other fedtions. 

SECT. I. 

Of the motion of the foie of the terreftrial 
equator caufed by the aSlion of the fun. 

Problem I. 

Article 1. To find the moment, which refults from the 
attraction of each particle of the earth towards the 
fun, in the inverfe ratio of the fquare of the difiance, 
to make the earth's axis turn upon its centre C. 

Let E F E F E, fig. 1. n° 1. be the fedtion of the 
earth by the plane of the circle of the fun’s declina¬ 
tion ; 
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tion; P EP' E' P the circumference whofe diameter is 
the earth’s equator, E E' or P P'. Let E E' be perpen¬ 
dicular to P P', and in the equator. Let II be per¬ 
pendicular to C S , and alTume this diameter II for the 
leaver to which all the moments are to be referred. 
The motion of any point, as#, towards the fun,is 

s 

=r- x . By refolving this motion into two, one accord- 

s 8 


ing to g C, the other parallel to C S j the motion ac¬ 
cording to g C has no tendency to make the point g 
turn round the centre C. The motion of the pointy 

parallel to C S will be =rr x -x— or — =j— •, but the 

r Sg Sg Sg 

s 

motion of the centre C according to CS is =-„ j 


therefore the relative motion of the pointy, in regard 

S xS C S 

card to the centre C, is ■=- -- or 5 X S C x 

B S g SC 

(s? -w> 

The moment of the pointy to turn about the centre 

C, will therefore be Sx SC xf —=L^ )xgxCI r 

\ Sg <S C y 

the moment being the product of the motion by the 
mafs of the body, and by the arm of the leaver. 
And this moment caufes the point I to approach to¬ 
wards the fun, when it is pofitive, or when SC is 
greater than S g and caufes the point I to recede 
from the fun when it is negative, or when Sg is 


greater than S C. 


It 


Ddd 
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It will be found, in like manner, that the moment 
of the point g‘ to turn about the centre C, is Sx SCx 

f ===j —=7 ) xgxCf; or with regard to the 
V. og S c y 

point I which is on the oppofite fide of the centre to 
the point J, this moment, by changing the figns, 

will be, S x SCxf)xg'xCI' = SxSCx 
\ SC Sg y 

f =“ — =“ jxgxC I. Therefore the moment 
\ S C S gy 

of the two equal points g and g to caufe the point / 

. 1 


to turn about the centre C,isSxSCx f — ==7 1 

\ Sg SC y 

xg xCl + S*SCx(^L, JxgxCI= 


x G? - ¥‘)‘ 


gxCIxSxSC 

\ W W ^ 

If the points y and y be taken equally diftant from 
the points D and D\ as the points g and g\ it will 
likewife be found, that the moment of the equal 
points y and y to caufe the point I to turn about the 

centre C, isyx Clx S xSC 


■ * Gv v/ 

p) 


• *y X 


C lxSxSCxf - 

\ s s 

Therefore the moment of all the four points to¬ 
gether, g , g, y, y, to caufe the point I to turn about 

the centre C> is{g — y) *CIxS xSC ==7 —} 

which 
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which becomes == o when the point# can be taken — 
y, as may be done throughout the whole extent of the 
circle PE P' E'Pj but if the zoneE P' E'PEF'E' FE 
be taken away from this circle, to have thj2 true figure 

of the earth, we (hall haye g — gf Xgr, and y — 

— yf x.y q, taking the points g and y for the ele¬ 
ments of the zone, and g —- y gf Xyp — gf y 
becaufe y f *s *~gj. 

Let the lines CS and CP, or C E, be called s and 
a, refpeftwely j the radius i, or unity j the fine of the 
angle S CP, Fy its cofine, or the fine of the angle 
SCEy »; C K, x ; g K,y, gm, z ; y_M r z' fgf 
or yf, du , P F, a a •, we fliall have gn— a zy y v 

— a z (by the property of the ellipfe); alfo calling 
gr , r ; and y g y gy and regarding the little triangle 
grn as a right-lined one, and fimilar to the triangle 

g C m, we fliall have r = - x a z, and likewife £ = 


z r 
— x a#, 
a 


By the proportion of fines to the fides of triangles, 
we fliall have yG=yFt CN — xu» Finally, if 
we confider the point 5 , or the fun, as at an infinite 
diftance, we fliall have S g = SK— S C — CK — 
s — x> and Sg' = S JIT = S C + C fC = s + x.. 


herefore JLr =—- r—~and 

Sg s 3 — S sx + 3 *** — x p Sg 

■ —r—r-n—V Therefore =J— —» 

** + 3 ** + 4 - ** 6 ’ # 

D d d 2 
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' and ' re j e<ain s the infinitel y fma11 

. , 6 x 

magnitudes, =—. 

Therefore the moment wherewith the four points 
g, g, y, y, caufe the point I to turn, will, by fubfti- 
tuting in the place of the letters their analytical va- 

lues, be (gd u — r du)xS xjy x — ; or putting, in- 

ftead of £ and r, the values above found, we ihall 

have for the moment C ~z'z' — ^zzjx duxSxyx 

dx 6a5 . fit \ / t \ T* 

-r = —r— x y x d u x [z + z) xiz — z). But 
s*a J J ’ ' J 

z' -j- z— y M-\-g m — 1 y G = zy V■, andz' — z 
— yM — gtn— 2 (TM-iCN = 2 xu. There¬ 
fore (z 1 + z) x (#' — z )• = 4 Ary j and the mo- 

. 6aS » , 6aS _ , 

mentis -jpX4 Vuxx xy du=z-^-x^Vuxxxdxu. 

But in the circle D g I we have y d u = a d x, and 

<?a 5 6aS „ . 

x^ uxxxydx — —— x\,Vuxdx 


the moment is 


V aa •— xx. But the integral of at 2 d x Vaaxx is j 


aaf dxVaa — xx — - (aa —jfx) 7 , and when 

4 _ 

x — a, this integral is \aa fdxy/aa —xx, or, cal¬ 
ling the ratio of the circumference to the diameter x, 
we fliall have f d x V aa — xx, or the area of the qua¬ 
drant whereof a is the radius, = i a x * a=i a z x- 

s * 

Therefore the integral of x 4 V ux x x d x 

y/aa 
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^aa—xx,or the Turn of the moments of all the points 

which compofe the elliptic zone E P E‘ P E F E FE 

. 6 a.S Vu*a+ 

is ——- x-—. 

s i 4 * 

If the terreftrial fpheroid be cut by any plane pa¬ 
rallel to the plane P E P E 1 P of the circle of de¬ 
clination, fig. l. n 2. the fedtion will be an ellipfe 
fimilar to the ellipfe EF £' F E; and if the greater 
femikxe c' L of this ellipfe be called X y it will be 
found, as has been already in the ellipfe E F F F E y 
that the fum of the moments of all the points of this 

„ . 6a S FuttX* 
ellipfe to turn about Us centre C, is x —-—. 

It has not been taken into confideration, that here 
the centre S of the fun is a little below the plane of 
the fedtion, the line c S making an infenfible angle 
with the line C S. 

Calling Cc' y T- } the moment of all the fedtions pa¬ 
rallel to E F E' F E to turn about the axe C c wilt 


:a S VuttX «• 

__ x - 

d 3 2 


x d T, or the inte- 


7 T 


x ( aarry*dr= 


Vu 


7T 


be the integral of 

gral of x ——- 

{a* d T —2 a 7 - dT~\~ T* d ¥"), and this integral is 

x (a 4 T — \ a* V* -f -\ T s )i and when 

J 3 1r 


T= a, the integral is 


. ;a $ Vu 


— xtt This is 


the fum of the moments ot all the pints of the 
hemifpheroid of the earth formed by the fedtion 
E P' E' P E of the circle of declination, and the fum 
of the moments of all the points of the whole fphe¬ 
roid 
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i a s 

roid to turn about the axe is %Vut* &«*• 

Which was to be found. 

Corollary. 


2. If it were required to find the fum of the mo¬ 
ments of all the points of a Angle crown EL^E'^E, 
Jig. r. n° 2. placed at the equator, and detached from 
the earth, to turn about the axe of the circle of 
the fun’s declination, the thicknefs of the crown be¬ 
ing a a: 

The moment of the point L to turn about c is the 
fame as that of the point y to turnabout C, as is ma- 
nifeft from the refolution of the motion according to 
S L into two, Ly, and y S* ; and from the great 
diftance of the fun y S will not differ from L S ; the 
triangle LyS being right-angled at y. 

By the preceding problem, if c L, or CT, be called 
X ; and C c\ T ; and all the other denominations of 
that problem be retained j we fhall have yx — Xu, 
and Cx = XF. 


And the moment of the point y 


x x S x S C x (= 


is y x 

1 \ x, o 3 XV 
— yxXuxSx ^ . 


And putting inftead of y, the element of the crown* 
which is zaxdu, calling, in this cafe, d u the ele¬ 
ment of the circumference ELQE', the moment 

©f an element of the crown will be za x ~ * y u x 

s 3 


* The lines S L and yS are not drawn in the fig . to avoid con- 
fufion. 

XXdu 
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XXdu . But in the circle EQE'E we.have, Xdu 
SB a dT\ therefore the moment of an element of the 

crown is x x Vuxa xdT^^r x a* 2 Vu x 

s 3 s 3 

dT Vaa — TT-, and the fum of the moments of 

zS 

the quadrant E L ^_of the crown is — x a a 2 V u x 

s 


i a x x t a = x a x ^ 7 r a+. And every other 


quadrant of the crown having an equal motion, the 
fum of the moments of all the points of the crown, 
to turn, in vertue of the folar action, about the axe 

$£!>, is ^| xa Vux it a*. 


Problem II. 

3. To find the Jum of the moments of all the points of 
the terrefirial fpberoid turning about the axe QjC^, 
■the motion of the point E being given , and = 

We muft firft feek the fum of the moments of all 
the points of the ellipfe E F E' PE, fig, 1. n° z\ 
turning about its centre Cj and to have - the fum of 
the moments of all the points of this ellipfe, wefhall 
firft find the fum of the moments of all the points 
of the circle BP'E' PE, and then wefhall fubdu<ft 
therefrom the fum of the moments of the whole el¬ 
liptic zone EP'E'PEF E' FE. 

The motion of any point of the circle E P' E' P E C, 

placed at the diftance x from the centre C, will be - ^; 

the motions being here in the fame ratio as the di- 
4 ftances 
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fiances From the centre, iince all the points com¬ 
plete their revolution in the fame time; and the mo¬ 
ment of all the points which eompofe the circum¬ 
ference 2tt x will be Z7 r*x^aX *5 the moment 

a 

being produced from the mafs by the motion, and by 
the arm of the leaver. 

Therefore the motion of all the concentric circum¬ 
ferences which eompofe the circle, is ^- x x* d x 

* f ^ x x* — f x a+, when x — a , as for the 
circle EP'E'PE. 

To have the fum of the moments of all the points 
of the elliptical zone E P' E P E F' E FE , all the 
points of the zone may be confidered as placed at the 
diflance a y from the centre C, and having, confe- 
quently, the fame motion as the point £, becaufe the 
greateft thicknefs P F of the zone is very fmall. 

The fum of the moments of the zone will be equal 
to the quantity of matter multiplied by the motion 
fiy and by the arm of the leaver a y or 2#7rxfa#x 
ft. X & = TT ft a efi. 

Therefore the fum of the moments of all the 
points of the ellipfe EF'EFE turning about its 
centre C, the motion of the point E beings, will be 

xtf 4 -— TT m. a a 3 . 

a 

It will likewife be found generally, that the fum 
©f the moments of a limilar ellipfe, of which C L y 
or X y is half the greater axe, and which turns about 

ts centre C, is f — x X 4, — — x X\ 

a a Therefore 



C 1 

Therefore the fum of all the fimilar ellipfes which 

j mmmm 2 a 

compofe the terreftrial hemifpheroid, is f -■ - •••'■ x 

5 r |«, x </ r= 1=^ xt F x /(**—rry %dr> 

which, as has been feen at the end of Prob. I. when, 
after the integration T has been made = a, will be 

j 2# 

——— t /< x t 8 t a 5 , and multiplying by 2, the fum 

of all the points of the terreftrial fpheroid will be 
(t—2a) x x ijl x 4 j a*. Which was to be found. 

CoROLLARr. 

4. If you would find the fum of the moments of 
all the points of the ring E ^E 1 ^ B t Jig. 1. «•*. 
turning about the axe •* 

The moment of an element L of the crown placed 
at the diftance X from the axe of rotation PP', is 
X 

a a d it x x X y which is theprodudt of the quan¬ 
tity of matter by the motion, and by the arm of the 
leaver. But in the circle E 4>£' E we have, d u — 

A 

therefore the moment of an element of the crown is 
a a nxXdTy whofe integral, which is a a ^ x a a 
gives the fum of the moments of all the points of the 
crown. Which was to be found. 


JE e e 


Pro- 
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Problem III. 

5. Having given, the moment wherewith the earth 
turns about the axe QCJ1 °f the circle of the fun’s 
declination , To find the motion of the pole P, or y 
which is the fame y of the point E in the plane of the 
circle of the fun’s declination. 

By Prob. I. the moment wherewith the earth turns 

2 S 

about the axe C i^» by the addon of the fun, is 
xa wux-pja 5 . 

By Prob. II. the moment wherewith the earth 
turns about the fame axe C the velocity of the 
point P, or of the point E, being /*, is (1—2a) x tt 
x at . 

We {hall have then a t v « x vr aS * (1—*a) 

zS&apu 

%Trjk*~hu*i whence we get ^ _ 2a y And 

this is the motion of the pole P, or of the point E, 
about the centre C. Which was to be found. 


Corollary. 


6. In like manner, the moment wherewith the 
crown E ^E turns about* the axe being 
given, the motion of the point E may be known. 
For, 


By the Coroll. of Prob. I. the moment of this 
crown, turning about the axe Ci^by the adion of the 

fun,is~- x a 7 t vuxat. 


By 
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By the Coroll, of Prob. II. the moment of this 

crown is alio a a p x a % tv. 

c 

We have then 4 - x a it v u x a* == a a u. * a* t j 
r 3 

whence we get x Which was to be 

s 

found. 

Remark. It is proper to obferve, that the motion 
of the point E of the crown is the fame, whether the 
crown be entire, or there be no more of it but the 
point E. 

For, by Prob. I. the motion of any point g> paral¬ 
lel to CS,jig. i. n a 2. and refpedlively to the centre< 7 , 


is S x S C x (==? — =LrV Which is = S* ^ j and 
K Sg i>C 3 ' S 3 

when the point g becomes the point E, we have 
x =® a v, v being the coline of the angle DCE. 
Therefore the refpe&ive motion of the point £ pa¬ 
rallel to the motion CS of the centre C, is S x ; 

and refolying this motion into two, the one according 
to E C, and the other perpendicular to E C, this latter 

will be = S x ^ 4 “ x — = 4 “ <*- v a, being the fame 


as that which was found for the point E when it is 
united to the crown. 

This Ihews that the motion of the other points of 
the crown produce no alteration in the motion of the 
point E, which is owing to this j that all the points 
of the crown have the fame angular motion about the 
axe 


Bro- 


Eee i 
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Problem IV. 

7 . To find at every inftant the variation of the place 
of the pole of the earth . 

The earth has two motions of rotation, the one 
about the axe of the equator, which is likewife the 
earth’s axis} and the other about the axe CJj) of the 
circle of the fun’s declination ; this motion is caufed 
by the fun’s adtion on the redundant matter about the 
equator. 

The point E,fig. 1 . n° 2. which is the interfedlion 
of the circumference EQjE' §>^E of the equator and 
the circle P E P' E' P of the fun’s declination, will 
therefore have at every inftant two motions, whofe 
directions are perpendicular to each other. 

The former of thefe two motions, which is the 
diurnal motion, is uniform $ and if we call it *0, the 
fpace run through in an inftant, dt>ismdt ; the mo¬ 
tion being always equal to the fpace divided by the 
time, or the fpace equal to the produdt of the time. 
Alfo let E e be that fpace. 

The fecond motion of the point E which is per¬ 
formed in the circumference EP E 1 P' E of the circle 
of the fun’s declination, and arifes from the adtion of 
the fun, is continually accelerated, from the continual 
application of the fun’s adtion; and if we call the 
initial motion /«, at the firft term of the inftant, d t> 
or the increment of the motion, the motion at the end 
of the inftant dt, is ^dt\ and the fpace gone thro' 
uniformly by the motion during the inftant d t, is 
fA. d t xd tj or fjt d t\ Let E t be that fpace. 


The 
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The point E, in confequence of thefe two motions 
together, E e and E g, circulates neither in the cir¬ 
cumference E £>J£' ^E of the equator, nor in the 
circumference EPE P' E of the fun’s declination. 
But if we form the redangle Ee e‘ g E, the diagonal 
£ <?' will be the elementary arc of the circumference 
E e' q E E wherein the point E will circulate} and 
die angle e E e', equal to the angle Qj q> equal to 
the angle P C />', will be the angle whereby the pole 
P' is elevated, and the pole P deprelfed, below the 
circle of declination, by moving in the circumference 
P P Qjl P P ¥'» w h°f e plane is perpendicular to the 
plane of delinationj and the point p is the true 
place of the pole at the end of the inftant d t, and 
the fmall arc P' p' expreffes the inftantaneous varia¬ 
tion of the place of the earth’s pole. Which was to 
be found. 

Corollary I. 

8. The fimilar fedors e E e', QCq, or P‘ Cp' y 
whofe three lides of the one are each parallel to the 
three fides of the other, give this proportion, E e ; 

* or E g :: CP : P' p f = ~ x C P' == (by the 

Jcj e 

preceding Prob.) to ~ x C P 1 = x a. But 
by Problem III. /* = ~~~~ } therefore P' p 1 = 

jjLi-j-lil _ xadt — Avuadt, making A 

s 3 x m x (i — 2a) 

3 S a a _ 

j* xz» x (i — 2a) 


COROL- 
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Corollary II. 

9, If, inftead. of the tser-reftrial fpheroid, we fup- 
pofed. only a Angle ring, it would be found in like 
manner, that the pole P of foch ring would fhift its 
place during the inftant d 4 by running through the 

arc Pp'x CP 1 a* But then weihould, 

Ee m 

take the value of as in Coroll, of Prob. III. which is 

— x a v u. Therefore we fhall have P* p 1 ~ 

r m 

iS a 

x* =-£-—- x vua dt. 
s’xm 

To apply, then, the formula of the preced. Coroll. 

it will fuffice to make ——^—- in that Coroll. = 1. for 

1 — 2 a 

then the formula of Coroll. I, becomes the fame with 
that juft now found in this Coroll. 

This will be of ufe hereafter for applying the. far* 
mulct of the motion of the nodes of the terreftrial 
equator to the motion of the nodes of a moon or fa- 
tellite of a planet. 

Corollary Ilf. 

10, It ftjould be well obferved in .the preceding 
Coroll, that the direction P f of the pole Pis ever 
parallel to the dire&ion Ee of the point E of the 
equator, fince they are both perpendicular totheplano 
of the circle of the fun’s declination, and the di¬ 
rection P'/>' goes on the fame fide as the direction E e 
of the point E, which is placed on the* fame fide of 

the 
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the pole P 1 , with refpedt to the line SC ZT, and the 
direction of the oppolite pole P, goes on the fame 
fide as the direction of the point E of the equator 
which is placed on the fame fide of the pole 5 P with 
refpedt to the line SCD'. This fhould be carefully 
attended to in regard to the following Problem. 

Problem V. 

11. To determine at every injlant the motion of the 
pole of the earth with refpeft to the ecliptic. 

P P', fig. 2. n° 1. & n° 2*. is the earth’s axe; 
TP ® ta yp reprefents the ecliptic 3 © E p E $ is the 
tangent plane to the pole P, and parallel to the equa¬ 
tor 3 the line D 25 JD 1 is the interfedtion of this plane 
with that of the ecliptic, and is tangential at the com¬ 
mon point s to the circles s E' p E s and T © vt. 
The angle PC $ is the angle of inclination of the 
earth’s axe to the plane of the ecliptic, being like- 
wife the folfticial angle. The earth, by its diurnal 
motion, turns about the axe P' P according to the 
order of $ E p £ ©j and the fun, by the annual 
motion in the ecliptic, moves according to the order 
of t s *a vj>. 

Let S be any place of the fun in the ecliptic. By 
Art. 10. the motion of the pole P making the acute 
angle PCS , will be according to P p perpendicular 
to the plane PC S D P, and confequently to the line 
P D. 


•* Note t That the fig. «° 2. is only to reprefent the circle 
$ E p S, which could not be represented but by proje&ion in 
fig.. «° i- 

5 Forming, 
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Forming, therefore, the reCtangle P MpR> the 
motion of the pole according to P p will be refolved 
into two, according to P R and P M. 

The motion of the pole according to PR is pa¬ 
rallel to the plane of the ecliptic, and to the line of 
the nodes r Co. This motion tends to move the 
pole P about the axe of the ecliptic, and in a parallel 
to the ecliptic, and caufes the equinoctial point r to 
recede, and the point vr, and the node to advance 
towards the fun; which produces a preceflion of the 
equinox equal to the angular motion of the pole P 
about the axe of the ecliptic; for it is indifferent 
whether the pole P of the earth moves about the axe 
of the ecliptic, whilfl the plane T $ o vc remains fix’d; 
or the fame be fuppofed to be fix’d, and the plane of 
the ecliptic V $ o vr to turn about its centre C, and 
the axe of the ecliptic. 

If we take another place »£* of the fun at the fame 
diftance from the folftice s, but on the fide contrary 
to S, the direction of the pole P will be, by Art. io. 
according to P/>\perpendicular to the plane PCS*D'P y 
and confequently to the line P D 1 •, and the fun’s de¬ 
clination being the fame in D l as in D, the motion 
Pp' will be equal to the motion P p. 

Refolving the motion according to P p' into two, 
according to P K and P M, the motion according to 
P R produces the fame preceflion, and with the fame 
fign, or the fame direction, as when the fun was on 
the other fide of the folftice ®, and in Dj and the pre¬ 
ceflion is ever the fame at every quarter revolution of 
the fun. 

The motion according to -P M' caufes the fame 
variation in the inclination of the earth’s axe to the 

ecliptic, 
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ecliptic, as when the fun was on the other fide in S, 
but with a contrary fign, or direction j and the fum of 
the lines *P from the folftice $ to will be the 
fame as the fum of the lines P M, from T to s, but 
with a contrary fign: fo that the angle of inclination 
of the earth’s axe to the plane of the ecliptic is con¬ 
tinually increafing from Y to s, and then decreafing 
from © to esj and as the diminution is equal to the 
increafe, the inclination becomes again the fame in 
& as it was in T, having undergone an ofcillation 
whofe period is fix months. 

Whilft the fun pafles from to xc, there are the 
fame motions of the pole, as whilft it was palling from 
$ to e. 

Thus is the motion of the pole determined at 
every inftant, with refpeft to the ecliptic. Which 
was to be done. 


Problem VI- 

12. j Vo find the quantity of the precefiion , or y •which 
is the fame , the arc of the parallel to the ecliptic 
run through by the pole of the earth P in the Jpace of 
time the fun is puffing from the equinox to the fol- 
Jlice, or from the folftice to the equinox \which 
may be taken for a quarter of the time of the fun's 
revolution about the earth ; the angle comprehended 
between the equinox and the enfuing folftice differing 
but by an infinitely fmall quantity from 90 degrees.. 

Calling, as in Prob. I. the femi-axe C P, a ; fig.. 2. 
»° 1. e-r « 9 2. the fine of the angle PCS, or PCD, V 
and its cofine, or the fine of the fun’s declination, u :■ 

Fff Let 
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Let P®, be b; C&,r j we Ihall have CjD = ~ ; 

P X)= ? Pj the differenceS’.rofthe arc T 5, which is 
u 

the fun’-s dj&ance from the node r, will be , 

CDx*D 

as is found by thefe two proportions, r : S s :: C D 

,z». = £®i£* « dI) . as 

r r 

*/ CZ) : C $ =r ; s D ; whence we have Z7/> x 3 ^ 

.. “T~r; .. 7 TTR 1 77- _ r r x d TPIj 


x$ D — rrxdCDj and «S ’s 


r du 


' aa .— rr 


C D x s j> 


(putting inftead of CJD and J 1 their 


values ^ and V ^ — to the fpace run through 
uu 

by the fun S in the ecliptic in an inftant, = 2jrx ^f } 

calling T the time the fun employs in running thro* 
the whole circumference j^r. 

Whence we have dt = * — ~J?. U . J^* 

Z ir r Vaa uu Z v 


V aa—uu 


By 
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By Aft. 8. -we have a P p=* AV u x a d t j there¬ 
fore, by Pfob. V. the inftantaneons precelfion willbe 
d 6P ck 

AVuxad fx or x.a d t x ==-, the tri- 

angles P p t, P D ©, being fimilar, llnee the three 
lides of the one are perpendicular to the t hree fi des of 
the other. Putting, therefore, inftead of P i), P ©, 
and d /, their values above found, we lhall have the 

inftiantaneous preceflion =i=,AVu x ~ x — 

2 7t rr 


« 


u u d’u 



But 


7v 


uu d u 


■ 

rr 


uu 


u 


aa~ 

rsT 


uu-\-jfduV a4~—uuy or limply =a yf—- 
rr * 


uad U 


aa—uu 
rr 


when u = as it happens when the fun is in the fol- 

V 


flice ffi, and then fd u V aa—uu y which is the area 


rr 

of a quadrant of a circle whofe radius is will be 

Ant A AAt 
Tr X 2 r~ 4 rr 

Therefore the precelfion, whilft the fun is palling 

from Y to s, is Ab x x =Abx ^x j 

2tt 4rr 2 4.rr 

F f f 2 and 
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and calling C H> which is = the radius of the circle 
parallel to the ecliptic which the pole P runs thro’, 

gy we (hall have g = and the precefiion Ab x 


iTx -ff- will be likewife A bx^-x —. Which was 
2 4 rr 2 4 r 

to be found. 

And this alfo is the quantity of the precefiion 
during the time the fun panes from the folftice to the 
equinox, or generally, during the time of each qua¬ 
drant of the fun’s revolution; as was feen in Prob. V. 


Remark. 

13. The difference of the fun’s diftance S T from 
the equinoctial point, is equal to the arc the fun goes 
through in the ecliptic, when the node T is fix’d, as 
was fuppos’d in the foregoing Prob. but when the 
node r moves in the ecliptic the contrary way to the 
fun’s motion, the difference of the fun’s diftance from 
the node is equal to the arc gone through by the fun, 
increafed by the arc gone through by the node r. 

Therefore always taking S r, fig. 2. n* 1. for the 
difference of the fun’s diftance from the node, we fhalj 
have S~s equal to the arc defcribed by the fun, more 
by the arc defcribed by the node. 

But, by the former Prob. we have feen, that the 
arc run through by the pole P in an inftant d t, and 
in a parallel to the ecliptic, whereof g is the radius, is 

AVux adt x =AVu x ~v.df=Abuudt. 
PD 

u 

The arc run through by the node T will be then 

Abu 
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T 

AB uu d t x p fincethefe arcs, which meafureequal 

angles, are as their radii g and r. 

We (hall have, therefore, in the above Problem, 

o~-, r du dt r ., 

o Sy or - - , ssijrrx — + ^ip«kx - £ /j 

V aa—ttu J- g 


rr 


whence we get dt— 


T d u 


2ttV aa^ uu j -j -jibuuy^-- 


rr 


But- 


i -^Abu w x- 


-ass I — AbuU X 


2t£ 




2 7 Tg 


where the other terms may be negledted which con¬ 
tain the powers of A, becaufe A is a very fmall fra¬ 
ction. 

We {hall have, therefore, d t = -—— - x 

2 t V 

rr 

(i —Abuu x ——: and the inftantaneous pre- 

2 T g/ V 

cedion will be Ab x ~ x £=t x(i—Abuux 

2?r V aa—mt 

rr 

<T V 

- ; whofe integral for the firft term, in the folfti- 

cial point, where u= is A by- — x as was 

r 2 t 4rr’ 

ieen in the preceding Problem. But the integral of 

u+ du 
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rr 


+ 3 p- fd u V aa — uu, or Amply, '=■ { ~ J d u 
rr rr 

'V aa—uu, when we fuppofe, after the integration, 
rr 


- =sr»: and 
r 



Or 

zr 


f— x ?? T .. Therefore 
rr 4 r r 


the preceflion from the fun’s departure from the equi- 

nox till his arrival at the folftice, is A b x> - x- x 

2 4rr 


( i —Ab xl x l tm (g being 

— x £ x (i—^ £ x ~ x 4). 

2T 4i 2,7rr 

When the motion of the node is not very fenfible, 
it will fuflke to make ufe of the formula of the pre¬ 
ceding Problem, which is the firfl: term of this: But 
when that motion is fenfible, which is the cafe of the 


moon’s node, when it is to be determined for a quar¬ 
ter of the revolution of the fun, it will be requifite 
to employ this formula, which contains two terms of 
the feries. Nay, it would be very eafy to take a greater 
number of terms, fo as to negledt nothing j but this 
would be abfolutdy ufelefs, becaulfe of the quick con¬ 
verging of the feries. 


Pro- 
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Problem VII, 

14. To find the alteration of the inclination of the 
earth'1 axe to the ecliptic., during the fun's pafldge 
from the equinox to the foljlice, or from the Jol- 
fiice to fhe next equinox j •which is the fame , onfy 
affeSied with a contrary fign, as bat been Jeenim 
Prob. V. 


By Art. 8. we have aPp — AVu x adt\ and by 
Trob. V. the inftantaneoas variation of the inclination 
of the earth’s axe to the ecliptic is AVux a dt x 

s=.AVuxadtx becaufeof thefimilar 

Pp PD 

triangles <PpM^ P D ®, = (takin gthe denom inations 
of Prt*. VI.) AVu x ,xZx ^ x ~=AVu<. 


oT rd'C D 
ztt CD xPD 


27 T CD x &D P D 
du 

= AVux~x ™=AVxH 

ar a i# 

U X u 


T 

x ud whole integral is t A r x —x uut and when 

«7T 

the fun is at the point $, we have 1 : » ;: r : a, and 
a = ru *, therefore the preceding integral is’then 

iAx -x a a. Which was .to be found. 

2-jrr 

Remark. 


15. When die motion of the node is not infenfible, 
you are to take the value of d t of the Remark that 

follows 
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follows Art. 12. winch gives di = x 

2 7 r CD* $D 

<r 

(1—A b x-x u u ), and the inftantaneous varia- 

2Tg 

lion of the inclination of the earth’s axe to the ecliptic 

will be A rx— x u d u x (1 — A b x xuu). 

27T 2 7 rg ' 

whofe integral when the fun arrives at the folftice, 

T 

where we have ru — a y becomes f A a <2 x 


2 7r r 


f —r- x 
r 2 x r 


— x A bx .— - = (becaufe jr ) 

2 irg 6 r y 

f -ef ^ x - )j and this is 

the formula, to be made ufe of when the motion of 
the nodes is fenfible. 


A a a x- x (1 

z Trr 


SECT II. 

Of the motion of the foie of the equator of 
the earth caufed hy the aElion of the moon. 

16. Whatever has been laid in Sett. I. of the pre- 
ceffion, and of the ofcillation of the earth’s axe on 
the plane of the ecliptic, through the adtion of the 
fun, is equally applicable to the adtion of the moon; 
it being requifite only to fubftitute every-where 
the moon inftead of the fun; L inftead of S , and 
A inftead of s ; the time which the moon em¬ 
ploys in completing her revolution about the earth, 
inftead of the time the fun employs in performing 
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hid revolution about the earth, or M inftead of Tt 

Laftly, the lunar orbit, inftead of the ecliptic. Like- 

wife, inftead of A t which {Art. 8.) was equal to 

zS „ ^ n 7 L 2.a 

2 —, we mull put B == x - >. 

s 3 m Km i— 2 a 

17. We lhall find then, by Art. 12. that the arc 
defcribed by the pole P of the earth parallel to the 
plane of the lunar orbit, whilft the moon makes one 

quarter of a revolution about the earth, \sBbx — x — , 

2 r 4 

which gives the arc defcribed by the mean motion ih 

an inllant, d f, equal to B b x. — x d t =s= Bb x 

2 r 2 rr 

x d t j putting, inftead of g, its value 

18. We lhall find alfo, by Art. 14. that the varia¬ 
tion of the inclination of the earth’s axe to the plane 
of the lunar orbit, when the moon is at its point of 
ftation po degrees diftant from the node of the equa¬ 
tor with the lunar orbit, is i; B x x a a. whereby 

2 -n-r J 

the angle of inclination of the earth’s axe to the plane 
of the lunar orbit is increafed when the moon is at its 
point of ftation. 

ip. We therefore fhould have nothing to add, if 
the plane of the lunar orbit were the fame as that of 
the ecliptic, or if it always retained the fame po¬ 
ll tion : But as this plane continually varies its pofitlon, 
and its pole defcribes a fmall circle about the pole of 
the ecliptic, from whence it is always about 5 degrees 
diftant j it ftill remains that we examine what is the 

G g g pre- 
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precefiiort daufed by the moon, with refpedl: to the 
ecliptic; which may be done by revolving the mo¬ 
tion of the earth’s pole, parallel to the plane of the 
lunar orbit, into two motions, one whereof is parallel 
to the plane of the ecliptic, and the other perpen¬ 
dicular thereto, and which varies the inclination of 
the earth’s axe to the ecliptic. This is what we fhall 
determine in the following Problem. 

Problem VIII. 

20. Having given, the motion of the pole P of the 
earth parallel to the plane of the lunar orbit, to 
find iti motion parallel to the plane of the ecliptic. 

* C P f fig. 3. r. £? n° 2. is the feflni-axe of 
the earth. The plane of the figure is the plane of 
the folfticial colure j CZ is the axe of the ecliptic, 
confequently perpendicular to C $} ® the folfticial 
point, and PC & the folfticial angle: P Z is parallel 
to C s, and perpendicular to C Z\ and it is equal to 
the line CH of fig. 2. The circumference /, /, l\ l 3 , / 
is the circumference deferibed by the pole, /, of the 
lunar orbit j L, U, L\ L 3 is the fedtion of the cone 
Cl, l PI 3 ) prolonged, by the plane that is tangen¬ 
tial at the pole of the earth, P. 

Let 1 ° be any place of the pole of the moon’s orbit. 
If upon the point P be eredted PR, perpendicular 
to the plane P C /°, this perpendicular will be die di- 
redtion of the motion of the earth’s pole, parallel to 


* The lines which are in the plane which touches the earth's 
pole l y are feparately reprefented in fig, 2. 3. 


I 


the 
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the plane of the lunar orbit, the plane P C /• being 
perpendicular to that plane, PCI 0 being the axe 
thereof. 

Letting fall from the point R the perpendicular 
R M upon the line s P Z, the motion of the pole 
of the earth according to P R may be refolved into 
two) the one according to PM, the other parallel 
and equal to R M •, and this latter expreffes the pre- 
cefljon with regard to the ecliptic, and the former 
gives the alteration of the inclination of the earth’s axe 
to the plane of the ecliptic. 

The motion of the pole reprefented by M R, which 
gives the precefllon with regard to the ecliptic, is al¬ 
ways on the fame fide during the entire revolution of 
the pole of the lunar orbit, and is the fame on either 
fide the point / at the like diftance from it; the motion 
according to PR being then the fame, and always on 
the fame fide, as has been explained in Prob. V. 

* The motion according to PM is the fame on 
either fide of the point / at the fame diftance from it, 
but with a contrary fign, that is, in an oppofite di- 
redtion. For it is manifeft, that if another point, as 
/°, be taken on the other fide, and at an equal diftance 
from the point /, the point M, where the perpendi¬ 
cular R M falls, will be on the other fide with regard 
to P, than the point M, fince the angle RP Z\ 
which is here obtufe, will then be acute, and lefs 
than the right angle of an angle equal to L° P Z'. 


* The point 1° placed on the other fide of the point/, that is, 
between / and / 3 , is not marked in the fig. nor the point M! where 
the perpendicular K M! falls; for the fake of not embarraffing thq 
/^c with too many lines, it being eafy to conceive. 

G g g 2 


For 
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For this reafon, the motion according to Pilfmuft 
produce an ofcillation of the earth’s axis, whofe period 
is the time of an entire revolution of the pole of the 
lunar orbit about the pole of the ecliptic. 


Problem IX. 

a i. To find the quantity of the precejfion caufed by the 
moon with regard to the ecliptic that is, the arc 
parallel to the ecliptic, run through by the earth's 
pole P, during the time of a femi-revolution 11 1 1 * 
of the pole 1 of the lunar orbit , 


Let there be drawn the lines N K, P K perpen¬ 
dicular to the axe of the earth CP, and parallel to 
the lines NP, l 9 P,fig- g. #« i. 2. 

The triangles PRM.\ PNL°,K N1° are right- 
angled and limilar for the three fides of the firft are 
perpendicular to the three fides of the fecond, and 
the three fides of the fecond are parallel to the three 
fides of the third. 

Still retaining the foregoing denominations, let 
#/ = x$ Z fil = z-, c PZ = g, as in fig. 2. the 
lipe Cffi CZ==zfi Cl or CP = C. 


We fhall have N P — Vw — zzy I\fP=g — -zy 

f —_ f __ 

NK x g —- z, or r xg-j-s, when the point h 


a "a 

lies on the other fide of /'; PR 


g ——- g 

- *£ — z, or^x 

& 42 


gf-z when the point /° is on the other fide of /*. 
The triangle C P K is here fimilar to the triangle 
whofe three fides are reprefented by the letters a, b, 

fince 



i 
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lince — exprefles here the fine of the angle of in¬ 
clination of the ear th’s axe to the plane of the lunar 

orbit, and —is its cofine: we lhall have then 1 ° K=» 
r 

C — <PK = a—2- x^= 

r r 6 

*J=M+12 = f l ± . l z , or when the 

a a a 

point 1 ° is on the other fide with refped to /* j 

NK a**-* JXS + 5 

**= 7Tt> =-, or-for the other fide 

/A. a c ac 


PM Nl° 


of /’ j j==r = jrg = — z * ' Laftly, the differ- 

xdz 


ac 

r 


ence of the arc /’ /° = d 


V 


JOC 


Z& 


2 Tr X. 

n T 

xdt, calling n T the time which the pole of the lu¬ 
nar orbit employs in performing its revolution in the 

circumference z r x» whence we get d t = ^-x 

% 7 ? 

d z 


Vxjfc— zz 

The fpace run through in an infiant dt by the pole 
P of the earth parallel to the plane of the lunar orbit 

being 
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being by Art* ly, ?=? B b x tJt x d t - } and by Prob, 


2 r 


VIII. the fpace run through parallel to the plane of 
the ecliptic, will be B b x ^ x d t x = (by the 

preceding denominations) Bb% x-^- ^ * 


JOC 


#45 


{*£-* _ # *r 

x-- B x - x — x 


r 


r 4^ V 3CX 


.<5 


£ _y/^-g; 




and putting inftead of -, its value, which was found 

to be £^~- -, we fhall have B x — x — xfJ-\-gz 
a c 4 it &CC 


%g—z% 


d z 


V 


xx. 


• zz 


and when the point /° is on 

n't 

the other fide with regard to we fhall have £x — 

4 t 

- f x//—g# xg + *x Therefore 




V 


KJ6 




always taking the preceffion for the two points to-- 
gether placed on either fide of /*, and at an equal di- 
ftance from it, we fhall have, by joining the two values 

nT f 

now found, after making reduction, B x — x — x 

4 7r aa 

n n T fg 
B x - X%-£- 


IgJJ—lgZZ* 


d z 


If — ssx 


V jc3c — ## 
d z 


h OX 


V JCK 


*« 


X 

2 7 T # & 

But 




tw 1 

But the integral of ff% 


d z 


^ff ; 


V 


XX 


Vjcjc — ZZ * 

tz Z — is x ^-2 = when we take 

—* .a# X 2 2 

all the points /°, from /‘to /; and the integral of 

■■- ^U~ L , which is — z v'x* — + fdz 

V x* — zz J 

v'tt*, — 22; j when* after the integration, we make 

. T1 *1 || J 


^ nrrv - __,.W 

% == at, becomes yV £ xx — 2^* or the area of 

• 9 C 

the quadrant /* z /, which is = - 


56 T X 
— X — 

2 2 

*7/* 


X X 7T 


' Therefore the integral of B x x— v.ff*—zz 

It acc J 


iz ) 
z it acc V 2 4 y 

= B * -*i&* (ti- - )=B* 2l:*l£ 

a tfee V* 4 y a atfee 


Vxx — 



This is the fum of all the inftantaneous precef- 
fions for all places of the lunar orbit from / to /*, be- 
caufe we have always taken two points together placed 
on either fide of /*. 

And this is the quantity of the preceflion with re¬ 
gard to the ecliptic, during the time of a femi-revolu- 
tion of the lunar orbit. Which was to be found. 


Pro- 
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Problem X. 

22 . 1 “o find the quantity of the nutation , or of the 
variation of the inclination of the earth's axe to the 
ecliptic , caufed by the moon during the femi-revolution 
11 * 1* of the pole of the lunar orbit. 


The fpace run through in an inftant d t by the 
pole of the earth, parallel to the plane of the lunar 

orbit, being, by Art. ij.=Bb x — xdt. the inftan- 

irr 

taneous nutation for any one place 1 ° of the lunar or¬ 
bit will be, by Prob. VIII. = Bbx — xdtx — 

= (by the denomination of the preceding Problem) 

n , aa nT d z V JOt — ZZ „ b 

Bbx — x — x-7==s==. x- =zBx~ 

zrr It ^ KKmmmZZ ac r 


x x ~ x — —=£ ^===.. Putting instead of —its 
2 2t V v.y. — zz r 

■ffJL er 2J 

value, which was found to be ——-— } we (hall have 


B x-— xjj -j-g-sx dz; and when the point 

X 2 C C 

l * is on the other fide with regard to /*, we {hall have 

n 7“___ 

B x- xjj — gzx dz. 

2x X 2 CC 


Taking therefore the nutation for the two points 
together, /*, placed on either fide of /', we have 

B x 



Bx 


«r 


27TX l CC 
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x 2 ffdzj whole integral, when z is 
nT rr D nr ff „ 

-xs// X~Bx -X —X>c, 


s= x, is i? x _ 

* 2ttX2CC 27T C C 

This is the quantity of the nutation caufed by the 
moon during the femi-revolution / l l l * of the pole of 
the lunar orbit. Which was to be found. 

Corollary. 

23. By Prob. IX. the quantity of the preceffion 
caufed by the moon, with regard to the ecliptic, is, 
during the fpace of a femi-revolution / /“ /* of the 

pole of the lunar orbit, Bx^x-£~x (i— i 

By the preceding Problem , the quantity of the nu¬ 
tation during the fame time of a femi-revolution of the 
pole of the lunar orbit / /* /*, caufed alfo by the moon, 

. D nT ff 
is Bx — x — x x. 

2tt CC 

Therefore the preceffion, during the time of a 
femi-revolution of the pole of the lunar orbit, is to 
the nutation, during the fame time. 

As ^ x ( 1 — f ), is to -j or as gfyr x 
2 a JjS 7T 

(j:— i .J is to 2 a x. 

But the preceffion is performed in a parallel to 
the ecliptic, whereof g is the radius; and the nu¬ 
tation is performed in the plane of the folfticial co¬ 
lure, and in a circle whereof a is the radius: Di¬ 
ll h h viding, 
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viding, therefore, each circular arc by its radius, we 
ihall have the quantity of the angle: And 

The angle of the preceffion, during the time of a 
femi-revolution of / l\ l 1 of the pole of the lunar 
orbit, will be to the angle of the nutation, in the 
fame time, 


As/V x (i-i £) is to 2 5t» or as 




ScHOI-lUM. 


24. Whatever has been faid as to the moon and 
the fun, may be equally applicable to all the other 
planets; but as the effect of the a&ion of the reft of 
the planets upon the earth is not fenfible, we (hall 
not take k into confideration. 


SECT. III. 

Of the motion of the pole of a ring, caufed ly 
the aBion of the fun: or of the motion of 
the pole of the moons orbit . 

25. We have feen, in Art. 9, that if, inftead of 
the terreftrial fpherokl, we were to fuppofe a ftmple 
ring placed at the circumference of the equator, the 
motion of the pole of fuch ring would be found by 
the fame formula as that for the motion of the pole of 

the earth} fuppofing only,in that formula ,-=1. 


By 
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By this mean9 we may apply all the formula 
which have been found in Serf. I. to the motion of 
the nodes of this ring, and to the alteration of the 
inclination of its axe to the plane of the ecliptic. 

But by the “Remark on Art. 6. the motion of thf 
plane of this ring is the fame, whether the ring be 
entire, or there be only a fingle point which circu¬ 
lates in the ring’s circumference: Whence it fol¬ 
lows, that 

Thefe fame formula do likewife give the motion 
of the pole of the orbit of a moon or fatellite; the 
motion of the node of the orbit of fuch moon in the 
ecliptic ; and the variation of the inclination of its 
axe of the orbit to the plane of the ecliptic: Ob- 
ferving to put the time of the revolution of this moon 
about the fun, infiead of the time of the earth’s re¬ 
volution about the fun, and the motion of the moon 
in its orbit inftead of the motion of a point of the 
equator. 

Remark . 

It may be obferved, that although the motion of 
the pole of a ring be the fame as that of a moon, 
during the time of the revolution of the ring, or of 
the moon, which is the lame j yet there are fome 
particular motions which take place when there is 
only one moon revolving in the circumference of the 
ring, and which ceafe to exift when it is an entire ring 
that revolves. 

For example ; in Art. 2. the force, according to 
L y, fig. 1. rt 2. of the point L, is deftroyed by an 
equal and dirt&ly oppofite force of another point h 
placed on the other fide, and at the fame diftance from 
the point E, as the point L, when the ring is entire; 

Hhh : but 
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but when there is but one point, as L, or, which is 
the fame, one moon, which revolves in the circum¬ 
ference of the ring; this motion fubftfts, and difturbs 
the motion of the moon in the plane of its orbit. 

In like manner the force of the point L parallel to 
y C, or according to c L , is deftroyed, in a ring, by the 
force of another equal point a' placed on the other 
fide with regard to and at the fame diftance as the 
point L. But this force fubfifts in the cafe where 
there is but one Angle point L, or one moon, and this 
.motion diforders, befides, the motion of the moon in 
the plane of its orbit. 

Laftly, If the ring, which circulates about the 
centre C ’, be elliptical, the motion of every point of 
the ring in the orbit is proportional to its diftance 
from the centre j becaufe, on account of the conti¬ 
nuity of the ring, all the points complete their revo¬ 
lution in the fame time, and have equal angular mo¬ 
tions j but when it is but one Angle moon that re¬ 
volves, in an elliptic orbit, it defcribes areas propor¬ 
tional to the times, and has an angular motion fo 
much the greater, as it approaches nearer the centre; 
which is the contrary of the motion of the points of 
the elliptic ring, the more diftant whereof from the 
centre, have the moft motion. And it arifes from, 
hence, that the motion of the pole of the lunar orbit 
is much the fame as that of the ring, taking it during 
the entire revolution j but that there is a fmall varia¬ 
tion, or inequality, in the inftantaneous motion of the 
pole of a moon; whereas this inftantaneous motion 
is conftant through every inftant of the revolution of 
the ring. 


I fhalt 
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I fliall fpend no more time on the ring, with re- 
fpeft to thofe motions which have nothing to do with 
the fubjedt in queftion j but they fliall be thoroughly 
difcuffed, and applied, in a fecond memoir, which I 
fliall publilh, on the particular motions of the planets. 


SECT. IV. 

Containing the application of the formulas of 
the preceding Se&ions. 


26. The motion of the fun, or, to fpeak more ex¬ 
actly, of the earth, in the ecliptic, is which is 

the fpace divided by the time. 

27. The earth’s central force will therefore be 

^^ x the central force being equal to the 

fquare of the motion divided by the diameter of the 
circumference in which the body moves j and the 

s 

earth’s central force being the force — wherewith it 


r» 

is attracted towards the fun j we fliall have —- 

s s 



2 7T7TS 

TT’ 


whence we get 


S 

S~3 


2.7 nr 

TT 


28. The motion of a point of the equator whofe 
radius is a 3 will be, calling the time of its revolution 

t, = —~ y which is the fpace divided by the time. 
¥ 


We have therefore m = 


2At 

"" ■■■- 

t 


2% 
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ig. fyJrt.S. ^ = - %a _ 


s*m i —-la 


(by Articles 


„ j 0 . 1 7T T 


a a >11 

.x,— =y T x 


a 

i—-2a 


2Zt i— 2 a 77* 

(by Art. 31. following) |£ x T x ^ 


3 a. Putting q for the ratio of the lunar force ~ \ 
S L S 

to the folar force we ftiall have — 3 = - x q ; and 
i A ■$ 

B, which (byArt. id.) is = iL^ x - will alfo be 


Km 1—aa 


3 S za 

: 2- xy x- 

rm z 1—2a 


(by Art. 29.) |^,x x x 


17<S 


j 

31. Supposing a = -—which is conformable to 
I70 

the obfervations of the gentlemen of the Parifian aca- 

a 1 1 

demy, we fhall have ■ — 


1—2a 


178 x i. 


176 


178 


Problem XI. 

32. To find the precefiim caufed by the fuH during 
the time between the equinox and the folfiice\ that is 
to fay , in a quarter of a year , or three months. 


By Art. 12. the preceffion, during this time, is 

etjt 0 _ 

Abx - x—. Putting, inftead of A, the value 

found 
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found in Art, 29. we (hall have J^,x t x 1 


x i = 3 < x JL. 

4*r T 176 r $ 


rr 


___ x *r 

176 2 


But - is the ratio of the fine of the inclination of 
r 


the axe of the earth to the ecliptic, to the radius, or 
of the fine of 66 degrees 3 a minutes to the radius, 

— 91729*9, an( j T ^ i s the femi-circumfe«ace of 
10000600 

die parallel to the eciiptie wherein the pole of the 
earth moves, and, confequently, equal to 180 deg. 

/, which is the time of the revolution of a point 
of the equator, is equal to one day; and T equal to 
365- days i we fhall have, then, by fubftituting ail the 


values in the preceding formula, -2— x - 2123 SlS 'x 

364^ 10000000 

JL x degrees. This is the preceffion produced 

by the fun during the fpace of 3 months. 

33. Multiplying by 4, we fhall have the annual 

preceffion caufed by the fun = -f—, x x 

r 367^ IQOOOOOO 


-i- x— degrees,: 
i i 


3 «Si 


x _L>Z!£i? x 4£deam 

1 ooooopo X 8 8 ae S rccs > 


= (after due redu 3 ion) 13". p". 11"'. 


Pro- 



C 43 2 ] 


Problem XII. 

34. To find theprecefiion caufed by the moon, during 
the time of a femi-revolution oj the foie of the 
lunar orbit about the pole of the ecliptic j that is, in 
about years, or 9f xT, di T == 1 year. 

By Art. a i. we have found this precefiion = Bx 

nT gf\, , 

- x t'--X(l-~iX-72-h 

2 2 acc ' ffj 

By Art. 30. B = x x : Subftitutingthis 

value in the preceding formula , it becomes x -x 

f ff 1 / j.Jfc X ^ 

— X<^ X -- Tg X (I—f 7 ? y. 

2<2 £<: 175 0 v jfy 

But^ is the ratio of the fine of 66 deg. 32 min. to 


the radius, =s -222 1 212 ., 

10000000 

•£- is the ratio of the fine of 87 deg. to the radius, 
c 

the angle / c z, whereby the pole of the lunar orbit is 
diftant from the pole of the ecliptic, being, at all 

times, about 7 degrees. Therefore^ = -22^1222 , 

' 0 c IOOOOOOO 

j is the ratio of the fine of 7 deg. to the fine of 87 

degrees, = —1112. 

6 9961947 


3 


Therefore 
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Therefore fubftituting thefe values, and thofe of 
T'y and t g found in the preceding Problem , we 
ffiall find that the preceffion, during a lemi-revolution. 

tiTT 

of the lunar pole, which is —, by Art. 2 1. becomes 


2 

9172919 


n 2 

= ax - x -2 -X 

2 2 36^4 10000000x2 


176 


f 9961947 V 1 

V 10000000 s 

This is the preceffion caufed by the moon during 
the time of a femi-revolution of the pole of the lunar 

orbit, — = 9 i x 
2 

Therefore the mean preceffion caufed by the 
moon during the time T y which is the mean annual 
preceffion caufed by the moon, will be, by dividing 


n 


the preceding formula by = q x 


3 6 54 


9172919 

k 10000000X2 


% rMim iziiiz V) 

V 10000200 J 176 V 9961947^ 

where it only remains to determine the value of y, 
which, by Art. 30. is the ratio of the lunar force to 

the folar force; and making this ratio = i, conform- 

2 

able to the obfervations of the tides related by Mr. 
Daniel Bernoulli , we ffiall have for the mean annual 

preceffion caufed by the moon, $ x —— x --- - - - - - 

r J 2 3 654 10000000x2 

y^iSodeg. _ t >_ 87 .j 57 V) 

\ jooooouo-/ i7o \ 9961947.^ 


176 

(after due reduction) 34". 16"'. 51' 

1 i i 


Pro#- 
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Problem XIII. 

$6, 7 e find the nutation of the earth's axe caitfedby 
the moon , during the time of a femi-revolution of the 
pole of ibe moon’s orbit, that is, in years. 


By Art, 23. x x '( 


, xx V. 

ftJ 1 


ffj » s to-jr,asthe angle 

of the preceffion, found in the preceding Problem for 
n <f 

the time — of the femi-revolution of thepobofthe 

lunar orbit, is to the natation during the fame time. 
By it, therefore, may be found the nutation, having 
the quantity of the preceffion of the preceding Prob. 
or, reciprocally, knowing the nutation during-the time 
of a femi-revolution of the pole of the lunar orbit, 
the preceffion will be known to a geometrical cer¬ 
tainty, for the fame time. The ratio, in numbers, is 
109 5798 
61236* 

3 7. Bnt we may alfo know the nutation daring the 
time of a femi-revolution Of the pok of the lunar or- 

«T 

bit, by the formula of ArU 22, which is 2? x — x 

A 

ff 

— x x j winch, without alteration, may be multiplied 
’C c 


by —, or by — 1 fince x, which is the ratio of the 

air 22 

a x— 

7 

circumference to the diameter, is —, and we mall 

have 
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hare the formula B x — x — % * x 

2 CC 


& ir 

22 
a x— 


B x 


*jr 

2 


*£*f x — x —x tfjj which, by fubftituting the 
ace 22 

values of the preceding Problem, and 180 degrees 
inftead of #> which is the femi-circumference 
of the circle wherein the nutation is performed, be- 

comes ”'x^ x - 9 iZi£IS * J 5 W,JZ 1 W X 

T 2 IOOOOOOO iOOOOOOO IOOOOOOO 


Z x i?2deg.= JL.X -x 5 »tx Z2ZZ12 ,il‘W 

22 176 3654 . 2 IOOOOOOO IOOOOOOO 

x— ^ x ~ x deg. equal, after reduction, to 

10000000 22 176 u ^ 

* 4 mi 

17 . yl • 14 • 


Problem XIV. 

38- To find the difference of the inclination of the■ 
earth'& axe, between the point of the equinox and 
that of the folfiice, caujid by the action of the 
fun. 


By Art, 14. the formula is f A x — n a a. 

2 irr 

Putting, inftead of A, its value of Art. 29. inftead 1 
of p which is the ratio of die fine of the obliquity of 


die ecliptic to the radius — ■? * ? f 

IOOOOOOO 

. . 3 X __J_ 3982iff 

* 3654 2 x 176 IOOOOOOO X ’ 

Iii 2 


we fiiall have 
and putting. 


in< 
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inlteadof a, — ss— » — a *■ — — x 180 deg. 

T 21 22 22 ° 


I 

(fine e a t is the femi-circumference of the circle 
wherein this inclination is performed) we (hall 

have •— —- x-2 

3^5f 4x176 10000000 

s=s (after reduction) jf”. zf" 


12iiL£I x — x 180 deg. 
0000000 22 0 


Problem XV. 


59. Tff find the difference of the inclination of the 
earth's axe to the plane of the lunar orbit , when the 
moon arrives at its point of flation, 90 degrees difiant 
Jrom the node of the equator with the lunar orbit>tkis 
difference of inclination being caufed by the moon. 


By Art. 18. the variation of inclination will be 
_ M 

j-B x— x a a. 

* ZTvf 

Putting, inftead of B, its value of Art. 30.; in- 
inftead of M, which exprefies the time of the 
moon’s revolution about the earth, 27 | days j in¬ 
ftead of -, the mean value . 1 f a y mean 

r 10000000 J 


value y becaufe the earth’s axe is not always equally 
inclined to the plane of the lunar orbit, as has been 

2 X jL 

Ihewn in Art. 10. &c. we lhall have f x x 

(36ft) 


2 ?.i— x -i^ 2 —- x a = (putting, as in the pre- 
2 x 176 10000000 

ceding 
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ceding Troblem t inftead of a> 


Z. x 280 degrees) f x 
22 


34 . K * 7 t x J 982 ii 5 x 2 
■(365^)* 2x176 10000000 22. 

(after reduction) 10"'. 15)"". 


x 180 degrees, = 


Problem XVI. 

40. To find the motion of the node of Jupiter’r fourth 
fatellite, caufed by the fun , during the time of \ of a 
revolution of that fatellite about the fun. 


We need only make ufe of the formula of Pro ■*. 
blem XI. wherein, conformably to Art. 25. we muft 

make —-— =1, t — i6j days, being the time of 
1—2a 

the revolution of the fatellite about Jupiter.) T = 
365I x 12 days, which is the time of the fatellite’s 

revolution about the fun, or about 12 years j —, = 1, 


becaufe the orbit of the fatellite is but little inclined 
to the ecliptic, and, confequently, the axe thereof 
nearly at right angles thereto. 

Weft.Hhave t hengxf,or4£^i.xi|?. ,le S- 
T 8 365-4 x 12 8 

This is the motion of the node of this fatellite in 
3 years, or during i of its revolution about the fun. 


Remark. 

41. By this may be found the motion of the nodes 
of the reft of Jupiter's fatellites. For it appears, 
from* the formula , that the motion of the nodes of 

different 
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different fatellites of the fame ptanet, is as the times- 
of their revolutions about the planet* 

Thus the motion of the nodes of the 3d fatellite, 

in the fpace of 3 years, is x 

• 4 x 

The motion of the nodes of the ad is - ^ ' * T 

xi^2 de S- 

The motion of the nodes of the ift is *» 


365^ x 12 


365* x 12 


8 

Problem XVII. 

42. *To find the motion of the nodes of the fth fatel¬ 
lite of Saturn, cattfed by the fun y during the time 
if i of the revolution of this fatellite about the 
fun. 

Conformably to the preceding Problem we fhall 
Jrave, by potting inftead of /, 79-J days j inftead of 
36ft St 30 days, which is nearly the time of the 
revolution of this fatellite about the fun, and we fhali 

363^x30 8 

42. In the fame manner maybe found die motion 
of me nodes of all the reft of Saturn's fatellites. 


Pro- 
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Problem XVIII, 

44. To find the motion of the moorCs node during the 
time that the fun is pajfing from the node of the 
moon's orbit with the ecliptic , to its point of ftation $ 
that is, in three months, wanting a few days . 

Here we are to make ufe of the formula of Art. 13. 
becaufe the motion of the moon’s nodes is very fen- 
iible in refpedt of the motion of the fun. 

fjr a- 

We fhall have A by. —x-x(i— Ab% —x£); and 
2 r 4 ' z-n-r 

employing the values of Prob. XI, except that here 
t — 27-3 days, which is the time of the moon’s re¬ 
volution about the earth, and that - = to the fine of 

r 

8 5 deg. divided by the radius j the axe of the lunar 
orbit being inclined in an angle of about 8y degrees to 

the ecliptic. Therefore - = . 22 .^ 12 ^ 1 . Laftly.by, 

r r 10000000 J 

Art. ay. wemuft take -—— = i, and the preceding 

formula will be changed into this, - x 

365-4' 10000000 

x i 8 odeg. v . — 3 x *7jr„ 99^9W ., j ) ,, ft „ 

8 365. 10000000 .2 x8V 

reduction) 4 0 . 36'. 33". 

This is the motion of the moon’s node during the 
time that the fun is paffing from the node of the 
moon’s orbit with the ecliptic to its point of ftation; 
that is, during the time the fun is moving 90 —• 4 de¬ 
grees 
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grees, 3 6 minutes, 33 feconds, or 8y°.23'. 27". And 
if the motion of the node be required for one year, 
’tis only multiplying the motion, juft found, by 

y —7-, and it will be found 19 0 . 2<\ 20". 

being a very fmall matter more than the truth, for 
reafons which will be explained elfewhere, and be- 
caufe we have taken 27! days for the time of the 
moon’s revolution about the earth, which is really a 
little lefs than that quantity. 


Problem XIX. 

To find the great eft difference of the inclination 
of the lunar orbit to the ecliptic ; which happens 
when the fun arrives at his point of ft at ton with 
regard to the moon. 


Here the formula of Art. 15. muft be made ufe of, 

T T \ 

which gives \Aaa* -x (1 — 4 - Ab x- J,or, 


Itv r 


which is the fame, £ A x -^-x— x (1- 

2-n-r 22 N 


2 fl-TV 

\ 




fubftituting the values as in the preceding Problem , 

and inftead of —, putting —, which is the ra- 
r 10000000 

2“ X 27^“ 

tio of the fine of to radius, we fhall have - —~ x 

_L_ X _jZHg x Z x 186dcg.*(i—IxiiiZS 

2 X 2 IOOOOOOO 2 2 

x _ 996 i 947 ) =s j fl ". 

ioooooooy 3 7 Remark . 
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Remark. 

4 6. It fhould be obferved, that, to fhorten the 
computations, I have contented myfelf with taking 
the times of the revolutions pretty near the truth; 
but if the utmoft exadtnefs be required, the accurate 
times of the revolutions muft be employed. 

47. This might be a proper place to add the me¬ 
thod of determining the perturbation of the orbit of 
any planet, as derived from another planet; but 
fince tl is depends upon no other than the very fame 
principles that have been made ufe of in this me¬ 
moir, and as their application will be (hewn, in its full 
extent, in the memoir which I am going to print, and 
intend myfelf the honour of fending to the Royal So¬ 
ciety, I fhall defift, that I may not run this paper to a 
greater length. 


LIX. A Letter to the Right Honourable 
George Earl of Macclesfield, P. R. S. 
concerning the ages of Homer and Hefiod. 
By George Coftard, M. A. 

My Lord, 

Read Dec. 13, Tpr feems to be an opinion pretty gene- 
1753 X rally received, that Homer and He¬ 
fiod lived much about the fame time. If this be 
true, and they did fo, whatever arguments prove the 
age of one, will equally ferve for fixing that of the 
other. What that age was, is indeed not at all agreed 
on among writers; the only thing in which they con- 

K k k fpire 





